Abstract Hospitals need disaster response plannings and temporary shelters to rescue victims in disasters. In Taiwan, there are 82 emergency medical service (EMS) hospitals are requested to possess guildlines of preparedness and responses to mitigation the damage and recovery the pre-event status in a disaster. A measurement chart including three major factors-facility, manpower, and disaster plan and drill mode-was created to evaluate the performance of disaster management of these EMS hospitals. Based on the expert opinions, some hospitals were selected as a reference set prior to the accreditation. Data envelopment analysis (DEA) is applied to classify each of the remaining hospitals into qualified or unqualified classes. Then, each unqualified hospital was recommended to improve its practice of disaster preparedness and responses into the qualified level. We also find that, on average, private hospitals perform better than public hospitals and medical centers perform better than the regional hospitals. But, the differences are not statistically significant.
Background of motivation
Man-made and natural disasters often occur around the world. Taiwan suffered a major earthquake in the early morning on 21 September 1999. More than 2,400 people died and 8,000 people sustained injuries in the fault areas. Hospitals located near the fault received mass casualties after the quake. Most of the victims arrived at an emergency department (ED) in the initial hours (Chen et al. 2001) . Although many health care providers and medical resources were sent into the disaster area, the hospitals were severely damaged, and some of them even had function loss. Based on the emergency medical service (EMS) level, when hospitals were damaged beyond operating facility, patients needed to be transferred because of the lack of temporary shelters or field hospitals.
The American Red Cross often coordinates and staffs mass shelters to care for people who have physical or mental limitations that restrict their mobility or ability to function independently. These individuals may require assistance with daily life activities, or medication to sustain them. Long road journeys may be harmful to their health. Because these individuals are often at the highest risk, human and economic resources should be allocated to enhance their survival and promote their well being during a catastrophe. Pretto et al. (1992 Pretto et al. ( , 1994 demonstrated that there were many victims whose deaths might have been prevented if they had received medical attention in the first 6 h after the tremor. Safar (1986) showed that about 25-50% of the patients could have been saved if emergency care had been rendered at once. Therefore, it is imperative for a medical response system to be maximally efficient so that medical care can be administered as soon as possible to reduce mortality rates.
The Joint Commission on Accreditation of Healthcare Organizations (JCAHO) requires that hospitals have emergency plans "designed to manage the consequences of natural disasters or other emergencies that disrupt the hospital's ability to provide care and treatment" (JCAHO 1994) . The plans must be specific in the hospital's role in community-wide emergency preparedness, the procedures of implementation, the management of key materials and activities, staff deployment and roles, the management of patient care services, staff preparation, disaster drills, and monitoring and evaluation of hospital performance.
A successful, comprehensive, and risk-based emergency management program of disaster preparedness, response, and recovery will reduce the loss of life and resources. A standard requires detailed written plans for all potential emergencies and disasters in the facility or community, training for all employees as soon as they begin work at the facility, periodic reviews of procedures with staff, and unannounced drills.
There are several such instruments of national or regional importance in the world. For instance, in Europe, the Sphere Project, a consortium of non-governmental organizations, has formulated a "Humanitarian Charter and Minimum Standards in Disaster Response" (Sphere Project 2004) . It is the first general standard for humanitarian operations, and a distillation of great experience and worldwide consultation. In the USA, the National Fire Protection Association (NFPA) has prepared a "Standard on Disaster/Emergency Management and Business Continuity Programs" (NFPA 2007) . In Australia, the Australian Standards Organization has an "Australia/New Zealand Risk Management Standard" (The Joint Australian/New Zealand Standard 2004). This instrument uses a standardized and widely accepted risk management methodology, and is thus an important and authoritative source of support for risk management policies. In Taiwan, the law regarding emergency medical care was legislated in 1995 and revised in 2000 , 2002 , 2005 , and 2007 (Department of Health 2007 , and the rule pertaining to disaster protection was implemented in 2000 (Department of Health 2000) . There are provisions about disaster protection and care for large numbers of patients.
Disaster scholar Aghababian et al. (1994) indicated that a hospital should plan to take care of inner and outer disasters in advance. The hospital is required to consider manpower and equipment deficiency in disaster. The problem of manpower refers to the lack of the medical staff required to take care of a massive number of patients. The equipment includes the supply of electricity (power), water, oxygen, and so on. Besides these, the EMS hospitals should plan for a temporary shelter to confront major disasters. The book, "Community Medical Planning and Evaluation Guide" (Heide 1995) , published by America College Emergency Physician (ACEP), provides a detailed form to evaluate the building, telephone, radio, records, and computer information, and is a very good reference for disaster preparation and recovery.
In Taiwan, hospital accreditation was initiated in 1986. The purpose of accreditation was to promote the quality of medical care. In 2000, 16 public (government) and non-profit hospitals were accredited as teaching medical centers, and 88 moderate-sized hospitals were accredited as regional teaching hospitals. During a field visit, the evaluation of EDs was performed in isolation by authorized emergency physicians. Also, evaluation was used to increase the quality of emergency services. However, it did not include emergency evacuation and temporary shelters as a part of the evaluation issue. To improve the performance and quality of disaster emergency care of Taiwan's EMS hospitals, we established an evaluation program that focuses on disaster preparedness planning and temporary shelters. This research is a pioneer study in the field of EMS and disaster preparedness in Taiwan.
Accreditation of disaster preparedness and temporary shelters
In Taiwan, hospital accreditation is usually based on a measurement chart which is created by an evaluation committee convened by the Department of Health (DOH). We performed the accreditation of disaster preparedness planning and temporary shelters in EMS hospitals in 2001. A measurement chart and evaluation guide were created by the disaster planning evaluation committee. The chart was based on the "Community Medical Planning and Evaluation Guide" (Heide 1995) , consulted the "Hospital Accreditation and Evaluation Table" of DOH (Taiwan Joint Commission on Hospital Accreditation 1999), and modified through discussion among the members of the committee and some experts in the fields of health, fire and construction in a conference. The final version of the measurement chart and evaluation guide is listed in the appendix.
The chart includes three major factors: facility, manpower, and disaster plan and drill mode. Each factor consists of some related items, and each item was assigned a different point in accordance with its different consequences. The total points for each factor is the sum of the points of items included in it. For instance, the facility factor includes the following 18 items: space ownership, space type, space area, space site, space capacity, space design, power supply, ventilation facilities, water supply, communication facilities, oxygen supply, transportation, emergency equipment, eating space, dressing and sleeping supply, toilet, bathroom, and kitchen. The points assigned to space design is 7, while for transportation it is 3. The total points of facility, 65, is the sum of the points of the above 18 items. Similarly, the total points of manpower, and disaster plan and drill mode are 20 and 15, respectively.
For each item, the accredited ranks are divided into five levels: excellent, good, adequate, mild deficiency, and deficiency, each with corresponding weights, 1, 0.8, 0.6, 0.4, and 0.2, respectively. If a hospital was accredited as at a good level in the space design item, the point score gained in this item was 5.6, which equals the item point, 7, multiplied by the rank weight, 0.8. In this chart, the accredited points of all items were designed higher as the hospital performed better in the accreditation.
The accreditation process was performed from December 2000 to December 2001. After deleting non-teaching hospitals and teaching hospitals without EMS, we interviewed 82 hospitals, among which 16 (19.5%) were medical centers and 66 (80.5%) were regional hospitals. The three accredited points of the hospitals are listed in Table 1 , in the increasing order of their monthly emergency patients. Our study is based on the following two assumptions: (i) In the disaster area, if a hospital ordinarily receives more emergency visits, then it will receive relatively more patients if a disaster occurs, and (ii) A good quality of preparedness plan will rescue more victims in a disaster.
Thus, the 82 hospitals were partitioned into two groups according to the monthly emergency patients: the hospitals with minor EMS as a reference set, and the hospitals with major EMS to be accredited, denoted as R and A, respectively. The committee should choose a specific percentage of hospitals on the top of Table 1 as R and the rest as A. To illustrate our methodology, we set the specific percentage at about 10%, and groups R and A have 9 and 73 hospitals, respectively. It is reasonable to expect that the hospitals in A will perform better than those in R in terms of disaster preparedness. However, a hospital in A is accredited as "qualified" if it outperformed all members of group R, otherwise it is "unqualified".
We employed data envelopment analysis (DEA) model (Seiford and Zhu 1998) to assess the performance of each hospital with respects to R. Its optimal value is used to classify hospitals in A into the qualified or unqualified class. It also provides the direction and extent of improvement for the unqualified hospitals. The DEA models for the performance assessment are introduced in the Sect. 3. The results are presented in Sect. 4. Conclusions and discussions are presented in Sect. 5.
Methodology
Many researchers have used DEA methods to examine differences in health care system performance. Burgess and Wilson (1996) used it to analyze the differences of four types of ownership structure in the hospital industry in the USA-private non-profit, private for-profit, federal, and state and local government. They also used DEA efficiency scores as regressive variable for exogenous variables to gain insight into various issues impacting the debate over health-care reform in USA (Burgess and Wilson 1998) . Hofmarcher et al. (2002) investigated the evolution of efficiency and productivity in the hospital sector of an Austrian province from 1994 to 1996. Grosskopf et al. (2001) used a frontiers approach to compare the teaching and non-teaching hospitals under their best practice performance.
Data envelopment analysis (DEA), originally proposed by Charnes et al. (1978) , is a multiple input-output efficient technique that measures the relative performances of decision-making units (DMUs) using linear programming based models. It is non-parametric because it requires no assumption on the weights of the underlying production function. In this paper, let H j denote hospital j and the symbols y 1 j , y 2 j , and y 3 j denote the points of facility, manpower, and disaster plan and drill mode corresponding to H j , respectively. The relative performance of a specific hospital k is obtained by the following DEA model: u r y r j ≤ 1, j ∈ R u r ≥ 0, r = 1, 2, 3.
(1) TP hospitals with top performance in reference set, U unqualified hospitals
The decision variable u r is the weight assigned to factor r. The relative performance, t * k , is evaluated without predetermining weights of these factors. The weights are settled by maximizing the performance of H k and restricting all hospitals in R with performance not greater than one.
In the event of a hospital k belonging to R, t * k = 1 indicates that H k has the top performance in the whole group. We collect a set of hospitals that possess the top performance in R and denote it as TP. Hence, the index set R in model (1) can be substituted by TP (Seiford and Zhu 1998) . For hospital k in A is evaluated by (1), t * k > 1 indicates that H k has the possibility to perform better than R (so as TP) if weights are set by its optimal solutions; t * k ≤ 1 indicates that H k could not perform better than all members of R for any given weights. The dual form of model (1) is written as follows:
j∈R λ j = 1;
The model could be used to measure the extent of qualification of an accredited hospital H k with respect to group R. The classification is based on the following rule:
In the case where H k is unqualified, the ratio (1/t * k − 1) is the extent of under-qualification, and this hospital is required to improve the performance of facility, manpower, and disaster plan and drill mode until they reach beyond the levels of y 1k /t * k , y 2k /t * k , and y 3k /t * k , respectively. In the case where H k is qualified, (1 − 1/t * k ) is the ratio of outperformance, and is the maximum extent of deterioration for H k to remain qualified. The deterioration rate indicates how H k is superior to TP. The larger value of t * k is, the better the H k does. However, the optimal value t * k to model (2) reveals the performance of H k with respect to TP. For a set of hospitals that is under accredited, one can employ model (2) to assess their relative performances and rank them accordingly. Figure 1 illustrates the relationship between the reference surfaces construct by TP and accredited group A graphically, where the qualified and unqualified classes are separated by the TP surface. It also shows that an unqualified hospital H k requires improvement until it is better than the point P k on the TP surface, where P k is the intersection of the TP surface and the line passing through the origin and H k .
Results
To determine whether a given hospital, H k , is qualified or not under accreditation, we employ model (2) to calculate t * k and follow Rule 1 to obtain the classification of H k . We used the tool "Solver" embedded in Microsoft Excel to solve model (2) . Fig. 1 The reference surface generated by TP and the relationship between qualified and unqualified hospitals in the accredited set 1. The relative performances of the reference hospitals, H 1 ∼ H 9 , are the optimal value to model (2) . The performances of H 1 , H 5 , H 6 , and H 7 all equal to one. That is, they performed the best in the whole set R. Hence, set TP consists of these four hospitals. 2. Each hospital in A under accreditation was set as H k in model (2) to assess the performance, t * k , with respect to R. The performances of the 73 accredited hospitals are distributed as: 58 (79%) of them are greater than one, 2 (3%) are equal to one, and 13 (18%) are less than one. It means that 58, 2, and 13 of them are superior, even, and inferior to TP, respectively. Hence, there are 58 qualified hospitals while the other 15 hospitals are unqualified. 3. The accredited hospitals are ranked appropriately according to their relative performances. For instance, H 24 with top performance 1.529 is the first rank and H 42 with the secondary performance 1.49 is the second rank, and so on.
However, an unqualified hospital is required to improve its performance until it becomes qualified. Table 2 depicts the boundary values of the three factors in which the 15 unqualified hospitals should be improved to go beyond. For example, the unqualified H 10 needs to increase its facility, manpower, and the disaster plan and drill mode factor points beyond the values 40.85, 7.54, and 9.24, respectively. We also looked at the performance differences by ownership type and by hospital accredited levels in A. These results are presented in Table 3 and 4. When they are classified by ownership type, there are 25 public hospitals and 48 private hospitals; when they are classified by accredited levels, there are 16 medical centers and 57 regional hospitals. Our findings indicate that on average the private hospitals performed better than the public hospitals, although the differences are not statistically significant by using t, Kruskal-Wallis, and median tests. On average, the medical centers are better than the regional hospitals, although this is not statistically significant. 
Conclusions and discussions
In this research, the performance of disaster preparedness planning and temporary shelters in Taiwan's hospitals were measured using three factors. The DEA technique, dealing with non-parametric data, was used in the two-group discriminant problem. The reference set was predetermined by the accreditation committee and their top-practice was regarded as an objective rule of classification. The hospitals under accreditation were expected to be better than the objective. The TP played top in R and constructed a piece-wise linear reference surface to separate the accredited hospitals into qualified and unqualified classes. If a hospital was unqualified, it was recommended to improve its practice until it moved beyond TP. This research did not focus on discriminating efficient hospitals from inefficient ones. We proposed the reference boundary of passing the evaluation and suggested that all hospitals needed to reach beyond the boundary. The DEA classification technique is important for decision-making problems where decision makers are interested in knowing the changes in attributes for moving an unqualified unit into the qualified class. In this application, the classification method promotes the quality of disaster preparedness planning and temporary shelters, indicates which hospital does not satisfy our requirements, and provides what the hospital needs to improve in order to achieve the qualification level.
In this research, the reference boundary is not assigned prior to the accreditation. We just selected some hospitals based on minor emergency patients as the least needed for this accreditation. Then, a detached classification boundary was relatively determined by the top practice of these hospitals. This analysis is not consistent with other discriminant analysis. It used only the data with one group to develop a boundary, instead of data with two or more groups. This non-parametric DEA classification can be widely applied in future accreditation or risk management problems.
The limitation of this study is the selection of the reference set. The setting of the threshold value as the reference set R may affect the accreditation results. What is the suitable percentage of hospitals that should be set to R? or, what would happen if the reference hospitals had performed better? Setting a higher value, or including a better hospital in the reference, would result in more hospitals needing to improve their disaster preparedness capability. Setting a lower value would result in less hospitals needing to be improved. In this study, the committee subjectively selected nine reference hospitals based on the assumptions and their experience. However, a region under higher threat from disasters may set a larger value to have a higher preparedness capability, or one may set a value in a gradually increasing manner if the accreditation process is held periodically.
In the long run, some regional hospitals could be selected as a reference set. It is expected that a medical center under accreditation should operate superior to the reference set, otherwise it should improve its performance beyond the boundary. In the risk management problem, organizations that do not operate well or are even bankrupt could be identified in advance, then the top performance of these pre-selected organizations could be assessed as the reference. It requires that all of the current organizations perform better than the boundary value as risk prevented units. While the organizations are not better than the boundary, the organizations have a high risk of going bankrupt, and must improve they go beyond the boundary. 
